We have measured quantum transport through an individual Fe 4 single-molecule magnet embedded in a three-terminal device geometry. The characteristic zero-field splittings of adjacent charge states and their magnetic field evolution are observed in inelastic tunneling spectroscopy.
Rationally designed magnetic molecules [1, 2] can be used as building blocks in future nanoelectronic devices for molecular spintronics [3] , classical [4] and quantum information processing [5, 6] . They usually have long spin coherence and spin relaxation times due to a weak spin-orbit and hyperfine [7] coupling to the environment. Of crucial importance for applications is the ability to adjust the magnetic properties by external stimuli. In bulk samples tuning magnetic properties by light has already been demonstrated [8] , but on the single-molecule level it has not been achieved. In addition, to tune magnetic properties on a single-molecule level, the use of local electric fields is preferred as it allows for a direct and fast spin-state control.
Addressing individual magnetic molecules on chip [9] has proven to be extremely challenging. Attempts to incorporate archetypal single-molecule magnets (SMMs) Mn 12 into a three-terminal device [10, 11] have been followed by observations that these complexes undergo electronic alterations when self-assembled on gold surfaces [12] . In this letter we demonstrate electric-field control over the magnetic properties of an individual Fe 4 molecule connected in a planar three-terminal junction. In the neutral state the bulk properties of this SMM are well documented [13, 14] and more importantly they are retained upon deposition on gold [15] . From transport measurements we find that a Fe 4 molecule in a junction can still behave as a nanoscale magnet with the anisotropy barrier close to the bulk value.
In addition, upon reduction or oxidation induced by the gate voltage the barrier height increases; i.e., by charging, the molecule becomes a better magnet.
Characteristic of a SMM is its magnetic anisotropy, creating an energy barrier U which opposes spin reversal; i.e., the high spin of the molecule points along a preferred easy axis, making it a nanoscale magnet. The anisotropy lifts the degeneracy of the ground highspin multiplet, even in the absence of a magnetic field. The splitting of the lowest two levels is known as the zero-field splitting (ZFS); see Figure 1b . The magnetic anisotropy is described by the parameter D, which for the Fe 4 molecule in the bulk phase equals D ∼ = 0.051−0.056 meV; the ground state spin for this class of molecules S = 5, the anisotropy barrier U = DS 2 ∼ = 1.3 − 1.4 meV and the ZFS is (2S − 1)D ∼ = 0.46 − 0.50 meV [13, 14] .
We use Fe 4 molecules with formula [Fe 4 L 2 (dpm) 6 ] (Hdpm = 2,2,6,6-tetramethyl-heptan-3,5-dione) (see Figure 1 ). Two derivatives, Fe 4 Ph and Fe 4 C 9 SAc, were synthesized by functionalizing the ligand H 3 L = R-C(CH 2 OH) 3 with R = phenyl and R = 9-(acetylsulfanyl)nonyl, respectively, and were prepared as described elsewhere [13, 14] . Their stability in a dry toluene solution at a 8 mM concentration was checked using spectroscopic techniques (see Supporting Information). Nanometer-spaced electrodes were fabricated using self-breaking [16] of an electromigrated gold wire in a toluene solution of the molecules at room temperature [17] . Three-terminal transport measurements were performed at a temperature T = 1.6 K. By varying the gate voltage V g the molecular levels are shifted, thereby providing access to magnetic properties in adjacent charge states of the SMM. Currently this is not possible with other techniques and therefore little is known about the magnetic properties of charged SMMs.
To quantify the anisotropy of an individual molecule we have performed transportspectroscopy measurements in the Coulomb blockade regime. In total we have measured 648 devices, of which 48 showed Coulomb blockade signatures and two-dimensional conductance maps [17] (dI/dV versus gate and bias voltage) were measured on these. The observation of molecule-related features (e.g. excitations) depends strongly on the dominant transport mechanism and electronic coupling to the leads. Typically, the strength of the electronic coupling in molecular junctions is significant so that the resolution of singleelectron tunneling spectroscopy is limited by the tunnel-broadening. In this case sharper higher-order inelastic cotunneling peaks [18] may resolve the ZFS, but if their broadening due to Kondo correlations exceeds the ZFS, only a single, broad zero-bias Kondo peak remains, masking the low-bias ZFS features. We identified 9 stable devices with indications of transport through a high-spin molecule: four devices showed broad Kondo peaks in two adjacent charge states, indicating that at least one of the charge states is a high-spin state.
These Kondo features will be the subject of a subsequent paper. Two samples showed a magnetic field-dependent transition at an energy scale of 1.5 meV and another one showed a low-bias current suppression indicative of spin blockade [19] , involving a high-spin ground state. The microscopic origins of these observations are not clear at the moment; it should be noted, however, that the 1.5 meV value is close to the anisotropy barrier U . Two devices showed transitions in the inelastic cotunneling spectra at an energy scale below 1 meV, close to the bulk value of the ZFS. In this paper we focus on these two devices.
In Figure 2a Figure 2a and 3a,b clearly show a sizable conductance in the blockade regime due to tunnel processes of second ("cotunneling") or higher order. Here, inelastic cotunneling dI/dV steps or peaks appear at a bias voltage V b = ±∆/|e|, and their observation allows for the determination of molecular excitation energies ∆ in a particular charge state [18] . The charge state can be changed by the application of a gate voltage when crossing a highly conductive SET region.
By making the gate voltage more positive, the electron number increases and the molecule is reduced; by making it more negative, the electron number decreases and the molecule is oxidized.
In Figure 2a 
where the first term is the uniaxial magnetic anisotropy with the easy axis z. To quantitatively compare the data with the model, the excitation energy has been determined from individual dI/dV curves. For sample A (Figure 2b,c) , we have taken the peak positions as the ZFS excitation energy and this energy is plotted versus magnetic field in Figure 2d ,e. For sample B, the inelastic cotunneling excitations have the form of conductance steps, reflecting a weaker molecule-electrode tunneling Γ than for sample A.
We have fitted the measured dI/dV to a Lambe-Jaklevic formula [23, 24] and plotted the excitation energies in Figure 3e ,f.
We first compare the data of sample A with the model. For the left charge state (Figure 2b) the energy of the first excitation at B = 0 T is close to the ZFS value (0.5 meV) in the bulk [13] . We assume that this is the neutral state, and since the In view of the rich SMM excitation spectrum the question arises why only the ZFS ex-5 citation is observed up to a bias of several mV. We have performed extensive calculations which indicate that this indeed should be the case (see also Supporting Information). In Fig- ure 4a,b we show dI/dV maps calculated using quantum kinetic equations (KE), accounting for tunnel processes to first and second order in Γ [25] . We model the low-energy spectrum of two successive charge states including the charge-dependent ZFS. Figure 4 shows that for the experimental temperature the ZFS dI/dV -step is dominant, showing a linear Zeeman effect for θ = 0 • (Figure 4a ) and a non-linear behavior for θ = 71
• (Figure 4b ). Numerical renormalization group (NRG) calculations using a Kondo model [26] cover the regime where the tunnel coupling dominates over the thermal energy (in contrast to the KE approach). 
